We study structureless reefs of the mainland and island coastlines of Vietnam. It is shown that this type of reefs has stable species composition and community structure, like in similar bionomic zones in conventional reefs. They are characterized by high species diversity, including more than a third of all reef-building scleractinian of the Pacific. Non-structural reefs are characterized by the same trophic relations of the inner and outer parts of the reef, from the standpoint of a clear scheme of bionomic zoning on reefs throughout the Indo-Pacific in general.
Introduction
The specificity of geomorphology and climatic conditions allow dividing the World Ocean reefs, Vietnam in particular, in two types. Reefs of the first type are called structural reefs [1] , and have expressed morphological (conventional lagoon, reef flat etc.) and bionomic zoning, as well as powerful corallogenous structure of the reef framework. They are common in the tropical areas of the World Ocean. In the second type of reefs, morphological zoning is feeble or not expressed at all. Their thin carbonate deposits form as a layer of coral settlements that almost do not change the profile of the substrate (Figure 1) . However, their distinct bionomic zonation, which is expressed through the specific composition of species and their ratio, is comparable to that of the structural reefs. Those are the so-called unstructured or incrusting (crust) reefs, which can often be found among the monsoon-type reefs [1] - [3] . Such reefs spread along the entire coast of Vietnam and its islands, and are formed near rock and rocky coasts. Different types of reefs, as well as the composition and structure that form their communities, have been repeatedly described in detail in various articles and monographs [3] [4]- [6] [7] [8] . Information on unstructured reefs is rather limited [9] - [12] . New data provided in this article will serve as a complement to the knowledge about the structure of the coral reefs and their communities, existing global resource information about corals and reefs of the Indo-Pacific.
Materials and Methods
In 1987-2013, using autonomous diving equipment, a study was carried out to research the species composition and distribution of scleractinian, mass species of macrobenthos and community structure in the adjacent structureless reefs along the continental and island coastlines of Vietnam Gulf of Tonkin to the Gulf of Thailand. In this work, the conventional hydrobiological method was used, involving accounting framework and transects [13] . Along the 100 -200-meter transects, using a frame divided into 100 squares of an area of 10 cm 2 (1% coverage of the substrate area), the researchers assessed the number of common species of mollusks and echinoderms, branched, massive, encrusting and funnel colonies of scleractinian, as well as the degree of coverage of the substrate. The species diversity index was determined by the formula:
, where H is the Shannon index; ni is the number of individuals belonging to i species; N is the total number of individuals [14] . To analyze the similarity of a complex of coral, the program Statistica 6.0 was used. For off-site analysis of the composition of communities and the study of scleractinian species diversity, more than 2000 photographs of coral colonies, of the overall picture of reef communities and underwater landscapes were used, obtained by Olympus and Lumix cameras.
Results
Almost on all surveyed reefs, 25 Table 1 ).
On the studied structureless reefs no distinct morphological zoning was revealed. However, well-defined composition and structure of corals and associated corallobionts are quite clearly distinguishable with more distance from the shore. This allows us to define bionomic areas, which are comparable to conventional zoning structural reefs (Figure 2) . The coastal community coral-algal zone (back reef) is subject to the maximum wave action and light intensity. Coral communities of this zone are usually formed similarly to those of the boat channel and reef flat [11] [15] .
The large variety of macrobenthos species in the area is due to the presence of various terraces, crevices, caves and accumulations of stones, which provide many different oriented substrate surfaces at depths ranging from 0 to 3 m. The main part of the community is represented by alcyonarian S. trocheliophorum and large colonies of A. cytherea and A. robusta. Subdominants are Zoanthus sp. and Favites abdita. Colonies of G. fascicularis and Hydnophora exesa may take up to a quarter of the total area of coverage of the substrate. About 30 scleractinian species may be present in this area. In combination with the soft corals, they cover 37% -64% of the substrate surface. In the intertidal zone of the community of common macrophytes Turbinaria crocea, Sargassum polycystum, Padina australis, Caulerpa macrophysa and Amphiroa fragilissima, the latter two species differ have the largest biomass of 1737 and 1283 g/m 2 , respectively. The composition and structure of coastal communities are largely determined by the representatives of macrobenthos encountered in this area. The reef rim on encrusting reefs is not clearly defined. It is marked by the beginning of the wave-cut zone and formed by calcareous coralline algae, as well as by mainly thick-branched and submassive colonies of Acropora, Pocyllopora, Hydnophora, Favia, Favites and Porites.
The composition and structure of coral community on the reef slopes of the studied reefs is comparable to that of the structural zone reefs. This zone is characterized by a rich diversity of species, representing 72.41% of the total scleractinian species composition and more than 35 genera common to most Indo-Pacific reefs. The most frequently encountered are the following: A. cytherea, A. humilis, A. nobilis, Porites lobata, P. rus, P. cylindrica, Pocillopora hystrix, P. verrucosa, Platygyra daedalea, P. lamellina, D. heliopora, Galaxea fascicularis, Merulina ampliata, Lobophyllia hemprichii and Symphyllia recta various fungiids, such as Fungia scutaria, F. fungites, and Polyphyllia talpina. The degree of substrate coverage by the corals ranged from 40% to 75%. In the upper part of the most reef slopes, communities Acropora cytherea + Acropora microphthalma or Acropora cytherea + Montipora aequituberculata are formed, covering large areas of the substrate up to 100%. As for the accompanying macrobenthos, the most common were Tridacna maxima (0. 
Discussion
The adjoining structureless reefs' morphology, degree of development of coral structures, qualitative and quantitative composition of corals is comparable to other Vietnam reefs [5] [16]- [18] . Of 140 -170 scleractinian species found on these reefs, 47% -68% are also marked on the reefs of Nha Trang, Con Dao island, the Gulf of Thailand and the Gulf of Tonkin [4] [8] . For small reefs of 70 -160 m from the shoreline (maximum 200 m), this is quite a high rate of species diversity. Only Acroporidae are represented in 40 species, which makes up 78% of the total composition of these scleractinian on the reefs of the entire Vietnam [8] [19] . The abundance of Acroporidae is an evidence of satisfactory biotic and abiotic conditions on these reefs. These corals are among the first ones to respond to environmental change, especially to anthropogenic pollution and increasing water eutrophication. It is known that in contaminated areas, these corals are absent or very few [6] [20]- [23] . The studied reefs are characterized by explicit bionomic zoning, high species richness and extent of substrate coverage by corals. Participation of various corals in most of the coverage of the surface of the substrate in all zones also confirms the optimal conditions for the formation of these reefs (Figure 3) . The similarity of the composition and structure of communities of these reefs clearly show almost the same index of biodiversity and species richness of the Scleractinia (Figure 4, Figure 5 ). This situation, according to some researchers, is characteristic of the optimal climax conditions on the reef [15] [16] [24]- [26] . The slopes of the reefs studied, just like the slope of the majority of reefs of the Indo-Pacific, are characterized by a set of certain species corals, and a particularly rich species diversity [16] [19] [26]- [32] .
Bionomic vertical zonation expressed on unstructured reefs, is largely determined by the geomorphological features of the stony-coral substrate of the underwater slope [3] 
Conclusions
Unstructured (incrusting) reefs have stable species composition and community structure in the same bionomic areas as conventional reefs. They are characterized by high species diversity, including more than a third of all species of Pacific reef-building scleractinian [18] [27] [28] [38] . Their calcareous skeleton ("framework building" [27] ) is under construction, grouting and filling reef deposits [1] , and eventually, under certain conditions, they can form into structural reefs (Figure 6 ). Such reefs cannot always be distinguished from the actual structure reefs, or from different stages of reef development as "coral layers" and "specialized settlements" [39] , so a new term to describe them was needed, "Unstructured reef" [2] . Such cortical reefs, along with regular structural The composition and distribution of coral reefs and associated benthos of the reef communities form the heterotrophic components of the internal parts of the reef and the autotrophic ones of the external parts, a common component of the trophic ecosystem of the regular reefs [18] [41]- [43] . Unstructured reefs are characterized by the same regularity of the trophic structure in terms of a clear bionomic zoning scheme on reefs throughout the Indo-Pacific in general.
